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Description 

This invention relates toa novel form of 2-methyM-(4-methyl-1-piperazinyl)-10H-thieno[2,3-b][1,5]benzodiazepine 
(hereinafter referred to by its generic name "olanzapine"), more specifically to a novel crystalline form of that compound 
and to pharmaceutical formulations containing that novel torm as an active ingredient. 

A novel crystal form of olanzapine has now been synthesized and characterized which possesses distinct advan- 
tages over the previously known form, that is the material produced using the methods described in U.S. Patent No. 
5,229,382 (hereinafter referred to as "the '382 patent"), and which is clearly distinguishable therefrom by.x-ray powder 
ditf ractometry. The first form of olanzapine (hereinafter referred to as "Form I"), as prepared by the procedures described 
in the '362 patent, has been found to be metastasis and not well suited for commercial use in pharmaceutical formu- 
lations. However, in accordance with the present Invention, a newly discovered second polymorph of olanzapine, which 
will be designated hereinafter as "Form II", has been found 1o be obtainable in highly pure 1orm, that is free from Form 
I and contamination by solvates such as water or acetonitrile, is stable, pharmaceutically elegant, and therefore well 
adapted for commercial use .in pharmaceutical formulations such as tablets. 

Olanzapine has shown great promise in the treatment of psychotic patients and is currently being evaluated for 
that purpose. Unfortunately, olanzapine prepared using the methods described' in the '382 patent typically exhibits a 
color which is- undesirable for commercial pharmaceutical use, especially since the color was found to change over 
time on exposure to air. Even carbon treatment of the olanzapine prepared using the methods described in the '382 
patent does not remove all of 1he undesired color. Such a pharmaceutical which changes color over time could be 
particularly troublesome for psychotic patients if a dosage form, such as a tablet, were to be chosen where color 
changes were apparent. Therelore, greater purity and freedom from color change are desirable. The novel polymorph 
of this invention provides precisely the longed for pharmaceutically elegant and desirable properties needed (or a drug 
to be administered to psychotic patients, and has satisfactory color stability and is substantially tree of undesired 
solvatlng agents such as water and acetonitrile. 

The present inveniion provides Form II olanzapine polymorph having a typical x-ray powder diffraction pattern as 
represented by the following interplanar spacings: 

d 

10.2689 
8.577 
7.4721 
7.125 
6.1459 
6.071 
5.4849 
5.2161 
5.1251 
4.9B74 
4.7665 
4.7158 
4.4787 
4.3307 
4.2294 
4.141 



3.7206 
3.5645 
3.5366 
3.3326 
3.2516 
3.134 
3.0846 
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3.0636 
3.0111 
2.8739 
2.8102 
2.7217 
2.6432 
2.6007 



A typical example of an x-ray diffraction pattern for Form II is as follows 
spacing and l/l., represents the typical relative intensities: 



wherein d represents the interplanar 
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The x-ray diffraction patten 
having a copper K a .r8diation S( 



3.9873 
3.7206 
3.5645 



3.2516 
3.134 
3.0848 
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set out herein were obtained using a Siemens D5000 x-ray powder diflractometer 
:e ol wavelength, X=1-541A. 
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The invention further provides 1he Form II polymorph in substantially pure form. 

The present invention also provides a pharmaceutical formulation, such as a tablet, comprising Form 1 1 as an active 
ingredient, associated with one or more pharmaceutical acceptable excipients. In another embodiment of the invention, 
there is provided a method for using Form li forlreating a psychotic condition, mild anxiety, gastrointestinal conditions 
and for providing pharmaceutical formulations for use in such methods. 

The polymorph obtainable by the process taught in the '382 patent will be designated as Form I and has a typical 
x-ray powder diff raction pattern substantially as tollows, obtained using a Siemens D5000 x-ray powde r diff ractometer, 
wherein d represents the interplanar spacing: 

d 

9.9463 
8.5579 
8.3445 

6.8862 
6.3787 
6.2439 
5.5895 
5.3055 
4.9815 
4.8333 
4.7255 



4.4624 
4.2915 
4.2346 
4.0855 
3.8254 
3.7489 

3,5817 
3.5064 
3.3392 
3.2306 
3.2138 
3.1118 
3.0507 
2.948 
2.8172 
2.7589 
2.6597 



A typical example of an x-ray diffraction pattern for Form I is as follows wherein d represents the inte rptanar spacing 
and l/l, represents the typical relative intensilies: 
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(continued) 



4.9815 
4.8333 
4.7255 



6B.37 
21.38 



3.5B17 
3.5064 
3.3392 
3.2806 
3.2138 
3.1118 
3.0507 
2.948 
2.8172 
2.7589 
2.6597 
2.6336 
2.5956 



17.29 
6.49 
10.64 
14.65 



2.89 
2.27 



the x-ray powder diffraction patterns herein were obtained with a copper !<„ ol wavelength \ = 1 .541 A. The inter- 
planar spaclngs In the column marked "d" are in Angstroms. The typical relative intensities are in the column marked 
"l/l,". 

The novel form o( olanzapine provided by this invention is raiher difficult to prepare in substantially pure form. 
However, in accordance with the invention, it has been discovered that when olanzapine of reasonably high purity, that 
is of technical grade (that is olanzapine containing less than about 5% undesired related substances and preferably 
less than about 1% undesired related substances and see Example 1), is dissolved in ethyl acetate under anhydrous 
conditions, Form II can be crystallized out ol the solulion so formed in substantially pure form, that is free from the 
undesired polymorph or solvates such as water or acetonilrile. Anhydrous conditions refer to less than one percent 
water present in the ethyl acetate. 

In preparing Form II according to the inveniion. the technical grade olanzapine can be dissolved in the ethyl acetate 
by agitation such as stirring and the like. Crystallization from the resulting solution can be by any conventional process 
including seeding, chilling, scratching the glass of the reaction vessel, and other such common techniques. 

As used herein "substantially pure 1 refers to Form II associated with less than about 5% Form I, preferably less 
than aboul 2% Form I, and more preferably less than about 1% Form I. Further, "substantially pure" Form II will contain 
loss lhan about 0.5% related substances, wherein "related substances" refers to undesired chemical impurities or 
residual solvent or water. In particular, "substantially pure" Form II should contain less than about 0.05% content of 
acetonilrile, more preferably, less than about 0.005% content of acetonilrile. Additionally, the polymorph ol the invention 
should contain less than 0.5% ol associated water. 

Advantageously, the novel polymorph of the inveniion will be free from solvates, for instance existing as the an- 
hydrate. 

Pharmaceutical formulations containing Form II should contain less than aboul 10% Form I, more preferably less 
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lhan about 5% Form I polymorph. 

Olanzapine has useful central nervous system activity. This activity has been demonstrated using well-established- 
procedures, for example, as described in the '382 patent. Form II provided by the present invention appears to have 
the same profile of receptor activity and has the same therapeutic uses as olanzapine described in the '382 patent, 
s Therefore, Form II is useful for the treatment ot schizophrenia, schizophreniform disorders, psychosis, mild anxiety 
states, and functional bowel disorders. 

Form II is effective over a wide dosage range, the actual dose administered being dependent on the condition 
being treated. For example, in the treatment of adult humans, dosages of from about 0.25 to 50 mg, preferably from 
1 to 30 mg, and most preferably 1 to 20 mg per day may be used. A once a day dosage is normally sufficient, although 
io divided doses may be administered. For treatment of cenlral nervous system disorders, a dose range o! from 1 to 30 
mg, preferably 2.5 to 20 mg prjr day is suitable. 

. Form II will normally be administered orally and, tor this purpose, it is usually employed in ihe form of a pharma- 
ceutical formulation. 

Accordingly, pharmaceutical formulations comprising Form II as active ingredient, associated with a pharmaceu- 
is tically acceptable carrier may be prepared. In making the compositions of the invention conventional techniques for 
the preparation of pharmaceutical compositions may be used. For example, the active ingredient will usually be mixed 
with a carrier, or diluied by a carrier, or enclosed within a carrier which may be in the 1orm of a capsule, sachet; paper 
or other container. When the carrier serves as a diluent, it may be solid, semi-solid or liquid material which acts as a 
vehicle, excipienl or medium for the active ingredient. The active ingredient can be adsorbed on a granular solid con- 
so tainer for example in a sachet. Some examples of suitable carriers are lactose, dextrose, sucrose, sorbitol, mannitol, 
starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, syrup, methyl cellulose, methyl- and propyi- 
hydroxy-benzoate, talc, magnesium stearate or mineral oil. The compositions of the invention may, if desired, be for- 
mulated so as to provide quick, sustained or delayed release of the active ingredient afler administration to the patient. 
For example, one such preferred quick release lormulation is described in U.S. Patent Nos. 5,079,018, 5,039,540, 
25 4,305,502, 4,758,598, and 4,371,516, hereby incorporated by reference. 

Depending on the method of administration, Ihe compositions for the treatment of central nervous system condi- 
tions may be formulated as tablets, capsules, gel or suspension for transdermal delivery, suspensions or elixirs for oral 
use or suppositories. Preferably the compositions are formulated in a unit dosage form, each dosage containing from 
0.25 to 100 mg, more usually 1 to 30 mg, of the active ingredient. When a sustained release formulation is desired, 
3£» the unit dosage form may contain from 0.25 to 200 mg of the active ingredient. A preferred formulation of the invention 
is a capsule or tablet comprising 0.25 to 75 mg or 1 to 30 mg of active ingredient together with a pharmaceutical^ 
acceptable carrier therefor. 

The starting materials for the present invention can be prepared by a variety of procedures well known to those 
of ordinary skill in the art. The material to be employed as slarting materials in the process ol this inventbn can be 
35 prepared by the general procedure taught by Chakrabarti in U.S. Patent No 5,229,382 {'382), herein incorporated by 
reference in its entirety. 

The following examples are provided for purposes of illustration and are not to be construed as limiting the scope 
ot the claimed invenlion. 

Compound characterization methods include, tor example, x-ray powder pattern analysis, thermogravimetric anaf- 
*> ysis (TGA), differential scanning calorimetery (DSC), titrametric analysis for water, and H'-NMR analysis for solvent 
content. 
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Example 1 

Technical Grade olanzapine 



TO 



IS 




Intermediate 1 



in a suitable three neck flask the following was added: 

DlmethylsuKoxide (analytical): 6 volumes 

J« Intermediate 1 : 75 g 

N-Methylpiperazine (reagent) : 6 equivalents 

Intermediate 1 can be prepared using methods known to the skilled artisan. For example, the preparation of the Inter- 
mediate 1 is taught in the '382 patent. 

30 a sub-surface nrtrogen sparge line was added to remove the ammonia formed during the reaction. The reaction 
was heated to 120°C and maintained at that temperaiure throughout the duration of the reaction. The reactions were 
followed by HPLC until < 5% of the intermediate 1 was left unreacled. 

After the reaction was complete, the mixture was allowed to cool slowly to 20°C (about 2 hours). The reaction 
mixture was then transferred to an appropriate three neck round bottom flask and water bath. To this solutipn with 

35 agitation was added 10 volumes reagent grade methanol and the reaction was stirred at 20°C lor 30 minutes. Three 
volumes of water was added slowly over about 30 minutes. The reaction slurry was cooled to zero to S°C and stirred 
for 30 minutes. The product was filtered and (he wet cake was washed with chilled methanol. The wet cake was dried 
in vacuo at 45° C overnight. The product was identified as technical olanzapine. 
Yield: 76,7%; Potency: 96.1% 

40 

Example 2 

4S a 270 g sample ol technical grade 2-methyl-4-(4-methyt-1 -piperazinyl)-lOH-thiBno[2,3-b][1 ^benzodiazepine was 

suspended in anhydrous ethyl acetate (2.7 L) . The mixture was heated 10 76° C and maintained at 76°C for 30 minutes, 
The mixture was allowed to cool to 25"C. The resulting product was isolated using vacuum filtration. The producl was 
identified as Form II using x-ray powder analysis. 
YiBld: 197 g. 

sa The process described above for preparing Form II provides a pharmaeeutieally elegant producl having potency 
a 97%, total related substances < 0.5% and an isolated yield ol > 73%. 

EXAMPLE 3 

55 Tablet Formulation 

A tablet formulation was made by granulating the active with appropriate diluent, lubricant, disinlegrant and binder 
and compressing 



7 



EP 0 733 635 A1 



Form tl olanzapine 


10.0 mg 


Magnesium stearate • 


0.9 mg 


Microcryslalline cellulose 


75.0 mg 


Povidone 


15.0 mg 


Starch, directly compressible 


204.1 mg 



Example 4 



A portion ol hydroxypropy I cellulose was dissolved in purified water to form a solution for g ranulaiion. The remain ing 
hydroxypropyl cellulose (total of 4.0% w/w final tablet weight), which was an extra fine grade, was combined with the 
, s Form II (1.18% w/w), lactose (79.32% w/w) and a portion ot crospovidone (5% w/w) in a high shear granulator. All 
ingredients were security sieved prior to addition and dry blended in the granufalor. This mixture was then granulated 
with the hydroxypropyl cellulose solulion in the high shear granulator. The granulation was wet sized using standard 
methods. The wet granulation was then dried in a fluidized bed dryer and sized. The material was then added to a 
tumble bin mixer. 

2Q The outside powders consisting ol microcryslalline cellulose (granular) (10% w/w), magnesium stearate (0.5% w/ 
w), and ihe remainder of the crospovidone were added to the sized granulation. The mixture was blended and com- 
pressed with the appropriate tooling on tablet compression equipment. 

Subcoatlng: 

Hydroxypropyl methylcellulose (1.5% w/w) was mixed with purified water to form a solution. Core tablets were 
divided into approximately equal sections and spray coated with the hydroxypropyl meihyicellulose solution . The op- 
eration was performed in a perforated coating pan. 

g0 Coating of Core Tablets: 



Color Mixture While (hydroxypropyl methylcellulose, polyethylene glycol, polysorbale 80, and titanium dioxide) 
was mixed with pu rified water to form the coalin g suspension. Subcoated tablets were divided into approximately equal 
sections and spray coated with the coating suspension described above. The operation was performed in a perforated 
coating pan. . 

The coated tablets were lightly dusted with carnauba wax and imprinted with appropriate identification.' 



Claims 

1. Form II olanzapine polymorph having a typical x-ray powder diffraction pattern as represented by the following 
interplanar spacings: 

d(A) 

10.2589 
8.577 
7.4721 
7.125 ■ 
6.1459 
6.071 
5.4849 
5.2181 
5.1251" 
4.9874 
4.7665 
4.7158 
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(continued) 
d(A) 

4.4787 
4.3307 
4.2294 
4.141 
3.9873 
3.7206 
3.5645 
3.5366 
3.3828 
3.2516 
3.134 
3.084B 
3.0638 
3.0111 
£.8739 
SO 

d(A) 

2.8102 



2.6007 

2. Form il as claimed in Claim 1 which is substantially pure. 

30 

3. Form E! as claimed in Claim 2 which contains less than about 5% Form I as hereinbefore defined. 

4. Form II as claimed in Claim 3 which contains less than about 2% content of Form I as hereinbefore defined. 
35 5. Form II as claimed in any one of Claims 1 to 4 which is solvate free. . . 

6. Form II as claimed in any one o1 Claims'1 to 5 which is anhydrous. 

7. A pharmaceutical fcrmulalion comprising as an active ingredient Form 11 as claimed in any one ol Claims 1 to 6 
40 associated with one or more pharmaceutical^ acceptable carriers, excipients, or diluents therelor. 

8. A pharmaceutical formulation as claimed in Claim 7 which is a tablet. 

9. A process for preparing Form II comprising slurrying technical grade olanzapine in ethyl acetate under anhydrous 
as conditions and crystallizing Form II from ihe solution so formed. 

10. Form II olanzapine polymorph for use in treating a condition selected from the group consisting of psychosis, 
schizophrenia, a schizophrenic form disorder, mild anxiety, a gastrointestinal disorder, and acute mania. 
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